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DFVLR, RF-TN2 

5.5.1986 

RESEARCH IN TEE FEDERAL REPUBLIC OF GERMANY 1 

A t  t h e  time of t h e  European comet probe GIOTTO rendezvous with 
t h e  comet Hal ley,  on March 13, 1986 a t  t h e  Operat ions Center  
f o r  Space Explora t ion  (ESOC) i n  D a r m s t a d t ;  the F e d e r a l  Min i s t e r  
o f  Research and Technology (BMFT) declared: 

"Explorat ion o f  o u r  solar  system and deep space beyond i s  one o f  
s c i e n c e ' s  g r e a t e s t  cha l lenges  o f  o u r  time. Our i d e a s  o f  t h e  
s t r u c t u r e  o f  t h e  universe  have undergone bas ic  changes i n  t h e  
las t  two decades. 
t h e i r  s c i e n t i f i c  and phi losophica l  e f f e c t s  have not  y e t  been 
f u l l y  grasped. 
discovered unsuspected phenomena which throw a completely new 
l i g h t  on the ques t ion  of c r e a t i o n  and evo lu t ion  o f  g a l a x i e s ,  
stars, t h e  solar system, o u r  p l ane t s ,  i n  f a c t ,  t h e  whole cosmos. 
Space exploration, p e n e t r a t i n g  ever  f u r t h e r  i n t o  space and time, 
makes a fundamental con t r ibu t ion  t o  t h e  expansion o f  o u r  knowledge." 

This r evo lu t ion  o f  o u r  knowledge cont inues ;  

Thanks t o  technologica l  advances of l a t e  we have 

The program of  bas i c  I 

f i n a n c i a l  support  from t h e  Pedera l  Government, 
I r e sea rch  i s  r e c e i v i n g  generous 

An agreement with t h e  DFG (German Research Soc ie ty )  i n  1964 t r a n s -  
f e r r e d  complete r e s p o n s i b i l i t y  t o  t h e  BMFT ( formerly rvJWF) with 
r e s p e c t  t o  t h e  use o f  high a l t i t u d e  r e sea rch  r o c k e t s ,  s a t e l l i t e s  
and space probes. 
r e sea rch ,  t h e  i n t e r n a t i o n a l  cooperation requi red  f o r  t h e  execut ion  
o f  such p r o j e c t s  as wel l  as the genera l  advancement o f  technology 
involved wi th  such programs, w o u l d  have otherwise exceeded t h e  
framework o f  t h e  German Research Socie ty  (DFG), 

2 

The r e l a t i v e l y  high c o s t s  f o r  such types o f  

Extraterrestrial L r e sea rch  i s  mul t i -d i sc ip l ina ry  and i t s  method 
i s  defined by t h e  use o f  space f l i g h t  technology. 
t h e  c l a s s i c a l  methods (e ,g .  t e lescopes  on e a r t h )  and d i r e c t s  t h e  
gene ra l  and i n t e r n a t i o n a l  progress f o r  a l l  s p e c i a l  r e sea rch  s e c t o r s  
involved i n  it. 

It supplements 
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The program i s  of pe rpe tua l  i n t e r e s t  t o  t h e  BNFT and inc ludes  
t h e  fol lowing a reas :  

- Astronomy, a s t rophys ic s  

- Solar,-terrestriab r e l a t i o n s h i p s  subdivided inqo 

- Aeronomy (exp lo ra t ion  of t h e  h igh  aerospace)  
- Magneto-sphere physics and plasma phys ics  
- I n t e r p l a n e t a r y  space,  p l a n e t  explora t ion .  

P a r t i c i p a n t s :  
A t  p r e sen t  a b o u t  25 s c i e n t i f i c  i n s t i t u t e s  o f  t h e  Max-Planck 
Socie ty  ( P P G ) ,  u n i v e r s i t i e s  as wel l  as t h e  DFVLR and numerous 
small and l a r g e  companies a r e  p a r t i c i p a t i n g  i n  t h e  program. 

Program s t ruc ture  and organiza t ion  i s  shown i n  Fig.  1. The 3 
F e d e r a l  Republic is  p a r t i c i p a t i n g  i n  

- purely national p r o j e c t s  
- bi-and m u l t i l a t e r a l  p r o j e c t s  (mainly wi th  t h e  USA space 

- European p r o j e c t s  within t h e  sc i ence  program of t h e  
agency "A) 

European Space Agency (ESA). 

A l l .  t h i s  produces a well-balanced mixture of  short- term and 
long-term programs. 

Short-term programs a r e  o f  importance t o  u n i v e r s i t i e s  s i n c e  it 
f a c i l i t a t e s  t h e  educat ion o f  young space s c i e n t i s t s  even when 
a l lowing  f o r  l a r g e  f l u c t u a t i o n s  o f  staff a t  u n i v e r s i t i e s .  

Events s i n c e  incep t ion :  
The program was s t a r t e d  i n  1962 with h i g h - a l t i t u d e  rocke t s  (HFR) 
i n  p repa ra t ion  for t h e  f irst  s a t e l l i t e  missions: magneto-sphere 
s a t e l l i t e  AZUR (launch 1969) and aeronomy s a t e l l i t e s  AEROS A and 
B (launch 1972 and 1974). NASA was approached i n  1964 f o r  
coopera t ion  purposes. 
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The main focus o f  t h e  first phase was on t h e  so l a r - t e r r e s t r i a l  
r e l a t i o n s h i p .  This phase was c a r r i e d  o u t  i n  coopera t ion  w i t h  
NASA (AZLTR, AEROS) and with the p a r t i c i p a t i o n  o f  t h e  European 
s a t e l l i t e s  ESRO I V  and HXOS as p a r t  o f  t h e  ESA (formerly ESRO) 

program. 

The f irst  l a rge - sca l e  p r o j e c t  was t h e  solar probes HELIOS A and 
B ( launch 1974 and 1976). 
a pioneer  c h a r a c t e r  was ca r r i ed  out i n  conjunct ion  q i th  NASA. 
It served t o  explore  t h e  i n t e r p l a n e t s  space c r o s s i n g  t h e  o r b i t  
o f  Mercury and posed extreme requirements on sc i ence  and technology. 

This first p r o j e c t  with somewhat o f  

Fig. 1: Organizat ion o f  the  German Space Explora t ion  Program 4 

1 )  Others 2 )  Ad hoc committees 3 )  Other 
member s t a t e s  4 )  European 5 )  Earth obser- 
va t ion ,  telecommunication, mic rograv i t a t ion ,  
e t c .  6 )  E x t r a t e r r e s t i a l  r e sea rch  7) 3 x p e r t  
committees 8) Pro jec t  system 
technology, opera t ions  

B inanc ia l  support  
U n i v e r s i t i e s ,  Max Planck I n s t i t u t e s ,  e t c .  

13) System technology, pay-loads, s a t e l l i t e s  
14) Science,  ins t rumenta t ion ,  eva lua t ion .  

The program was subsequent ly  extended t o  p l ane ta ry  r e s e a r c h  by 5 
p a r t i c i p a t i n g  i n  experiments a t  t h e  NASA p ioneer  Venus p r o j e c t  
( launch 1978). 

The Astronomy/Astrophysics program was s t a r t e d  w i t h  t h e  ESRO 
astronomy s a t e l l i t e  TD-1 (launch 1972) and t h e  s a t e l l i t e  t o  
measure t h e  cosmic r a d i a t i o n  COS-B (launch 1975). 

Curren t  program 
The c u r r e n t  program i s  charac te r ized  by an extremely good c o n t i n u i t y  
o f  t h e  program planning. It is  very ex tens ive  with r e s p e c t  t o  t h e  
f i e l d s  o f  e x p e r t i s e  and a l s o  o f f e r s  a s a t i s f a c t o r y  work l o a d  f o r  
t h e  s c i e n t i f i c  groups involved i n  t h e  program. It can l o o k  back 
on many successes  and is  i n t e r n a t i o n a l l y  recognized. It has  become 
one o f  t h e  most  important  and ind ispensable  elements o f  bas i c  
r e sea rch  i n  t h e  FRG. This w i l l  be made c l e a r  i n  t h e  fo l lowing  
pages which descr ibe  t h e  cur ren t  p r o j e c t s  o f  t h e  i n d i v i d u a l ,  s c i e n t i -  
f i c  f i e l d s .  
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Astronomy, a s t rophys ic s  ( r e f e r  t o  Fig.  2 )  
Up t o  r e c e n t  t imes astronomers could only mttke observa t ions  from 
e a r t h  through s p e c t r a l  windows a s  allowed by t h e  e a r t h ' s  atmos- 
phere,  i . e .  i n  t h e  v i s i b l e  range and i n  t h e  range of r a d i o  waves. 
It was space exp lo ra t ion  by means o f  high a l t i t u d e  r e sea rch  rocke t s  
and s a t e l l i t e s  which permitted t h e  deployment o f  ins t ruments  o u t -  
s i d e  t h e  e a r t h ' s  atmosphere and thus made p o s s i b l e  measurements 
o f  a l l  o t h e r  s p e c t r a l  ranges.  High-flying a i r p l a n e s  and bal loons  
had a l r eady  brought a b o u t  some i n c r e a s e s  of u s a b l e  s p e c t r a l  ranges.  

6 Fig. 2 :  Space research  i n  t h e  Fede ra l  Republic o f  Germany 

1 )  Energy 2 )  Radiation r a n  e 3 )  Inf ra - red  

p r o j e c t s  ASTRO (EVT) 
range (1975) 10) A 3 / 5  a t  UV range (1974) 
11) A 4  a t  x-ray range (1979) 1 2 )  A6 a t  W 
range (1976) 13) A7 a t  IR t o  UV range 
(1975) 
1 5 )  Astronomy 

X-rays 5 )  Gamma-rays 6 7 Wave l eng th  
1 m t e lescope  on f r e e - f l o a t i n g  p l a t f o r m  8 )  HFR 

9 )  A 1 /2  a t  x-ray 

14) A 8  a t  x-ray range (1977) 

ASTRONONY, survey 

Range o f  gamma-rays 

Following t h e  s c i e n t i f i c  r e s u l t s  eva lua t ion  o f  t h e  s u c c e s s f u l  
COS-%satel l i te  German s c i e n t i s t s  a r e  now a l s o  p a r t i c i p a t i n g  with 
two t e l e scopes  a t  NASA's Gamma Ray Observatory (GRO) .  

X-ray range 

Data gained from t h e  observat ion program o f  t h e  European x-ray 
s a t e l l i t e  EXOSAT (ESA) i s  being evaluated.  Development and con- 
s t r u c t i o n  o f  t h e  x-ray s a t e l l i t e  ROSAT ( t r i l a t e r a l  with SERC/UK 
and NASA) a r e  f a r  advanced (launch due t o  Challenger d i s a s t e r  s t i l l  
unce r t a in ) .  

7 
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Range o f  u l t r a - v i o l e t  r a y s  

The h i g h - a l t i t u d e  research  rocket ( H P R ) ,  p r o j e c t  1 m EUV te lescope ,  
c a r r i e d  o u t  i n  c lose  cooperation with NASA and INTERZODIAK has 
a l r eady  been s u c c e s s f u l l y  concluded. German s c i e n t i s t s  a r e  t a k i n g  
p a r t  i n  the e v a l u a t i o n  o f  t h e  IUE ( I n t e r n a t i o n a l  U l t r a v i o l e t  
Explorer )  - sa t e l l i t e  (ESA/NASA). 

V i s i b l e  range 

The ESA p a r t i c i p a t i o n  in NASA's Space Telescope p r o j e c t  ( launch 
s t i l l  uncertain due t o  Challenger d i s a s t e r ;  1987?) w i l l  a l s o ,  o f f e r  
t o  German s c i e n t i s t s  unique observa t ion  p o s s i b i l i t i e s .  The ESA 
astronomy s a t e l l i t e  Hipparcos (launch 1988) w i l l  s e r v e  t o  de t e r -  
mine t h e  exac t  l o c a t i o n s  o f  stars. 

Infra-red s p e c t r a l  range 8 

The Inf ra red-Sate l l i t e -Observa tory  (ISO) of ESA with a planned 
launch + 19 
who will sup 

Major p r o j e c t s  with s t r o n g  German p a r t i c i p a t i o n  a r e  ou t l ined  i n  
more d e t a i l  i n  t h e  appendix: 

11 open up t h i s  s p e c t r a l  range t o  German s c i e n t i s t s  
l a r g e  number of f o c a l  instruments .  

Page 

GRO-C OMPTEI; 
GRO-EGRET 
ROSAT 
1 m EUV-Telescope 
INTERZODIAK 
IUE 
Hipparcos 
IS  0 

2 1  

24 

26 
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Solar  t e r r e s t r i a l  r e l a t i o n s h i p ,  s u r v e y  

Aeronomy: (Fig.  3 )  

The new space vehic le  p r o j e c t  MAC-SINE and MAC-EPSILON a r e  i n  
p r e p a r a t i o n  and scheduled t o  be launched i n  1987. German 
o r i g i n a t e d  experiments w i l l  be c a r r i e d  ou t  on board t h e  US- 
Italian satellite San Marco (launch end 1986). Another p r o j e c t  
t o  s tudy  t h e y v a r i a b i l i t y  of the in t e rmed ia t e  a n d  upper e a r t h  
atmosphere ( C R S T A )  is i n  t h e  development s t a g e .  

Magneto-sphere (Pig. 3 )  

Following t h e  eva lua t ion  cf data from t h e  s u c c e s s f u l  s a t e l l i t e s  
ISEE (NASA, ESA, BMFT), GEOS (ESA), AMPTE ( B W T ,  NASA, SEW) 
s c i e n t i s t s  a r e  now prepar ing  t h e i r  r e s p e c t i v e  p o r t i o n s  f o r  t h e  
CLUSTER s a t e l l i t e  o f  ESA. New space vehic le  p r o j e c t s  such as 
ROSE (Rocket and S c a t t e r  Experiments) are planned once t h e  CAESAR 
p r o j e c t a  have been completed. 

The ap5endix g ives  more d e t a i l s  f o r  p r o j e c t s  with s t r o n g  German 
p a r t i c i p a t i o n :  

Paae 

MAC-SINE/EPSILON 3 4  

SAN MARC0 35 I 

CRISTA 36 I 
ISEE/ICL 3 9  

CAESAR 3 9  

AMPTE 4 2  

Fig.  3: Space Explora t ion  of t h e  FRG 

I) e a r t h  2 )  T-payloads 3 )  he igh t  4 )  upper p o l a r  
atmosphere 5 )  winter  anomaly 6 )  energy household 
7) h e a t i n g  p l a n t  8) aeronomic e x p l o r a t i o n  

10 
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P l a n e t s ,  i n t e r p l a n e t a r y  space,  survey (Fig.  4 )  11 

Experiments on boa rd  Ulysses (ESA, observa t ion  o f  solar pole  a r e a s )  
and p a r t i c i p a t i o n  i n  t h e  J u p i t e r  probe p r o j e c t  Ga l i l eo  (NASA) w i l l  
be delayed s i n c e  launching cannot take p lace  be fo re  the  m i d d l e  o f  
1987 due t o  t h e  Challenger acc ident ,  The comet probe GIOTTO of  
ESA was launched i n  1985 and reached t h e  c l o s e s t  p o i n t  t o  Comet 
Halley on 3.13.1986, 
ope ra t ing  succesefu l ly  f o r  11 years, w i l l  be brought t o  a con- 
c l u s i o n  i n  t h e  near f u t u r e .  

The appendix shows more detail8 f o r :  

Data eva lua t ion  o f  t h e  solar probe HELIOS, 

GIOTTO (Vega, H a l l e y  Watch) 46 
ULYSSES 49 
GALILEO 52. 
CRAF , 55 

~ 

P r o j e c t  and  Program oos t s  

Tab le  1 ahows t h e  c o s t  and p a r t i c i p a n t s  i n  t h e  major p r o j e c t s ,  

Table 2 ahows t h e  f i n a n c i a l  expendi ture  of t h e  BIPT f o r  t h e  
per iod from 1980 t o  1990 t o  which must  be added t h e  i n t e r n a l  
means made a v a i l a b l e  by i n s t i t u t e s  and t h e  DFVLR. 

We wish t o  stress h e r e  t h a t  the German de lega t ion  a t  t h e  M i n i s t e r i a l  
meeting i n  January 1985 made every e f f o r t  t o  i n c r e a s e  t h e  means of 
ESA's sc i ence  program by an  annual 5% f o r  t h e  yea r s  up t o  1989. 

Fu tu re  tasks, in te rmedia te  o r i e n t a t i o n  

13 

It is important  f o r  t h e  con t inu i ty  of the  program planning t o  
adhere t o  the p resen t  program s t r u c t u r e ,  i , e .  p a r t i c i p a t i o n  i n  
ESA's sc i ence  programs, t h e  acceptance o f  p a r t i c i p a t i o n  i n  t h e  
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US program a s  of fe red  by NASA as wel l  as t h e  maintenance of 
n a t i o n a l  complementary programs. 

Furthermore i t  w i l l  be necessary t o  achieve a well-balanced mixture  
of  long-term a n d  short-term programs (e.g. space v e h i c l e s )  i n  o rde r  
t o  offer t h e  s c i e n t i f i c  community r e a l i s t i c  employment (Max Planck 
Socie ty :  s c i e n t i s t s  with long-term employment c o n t r a c t s ,  no o b l i g -  
a t i o n  f o r  appren t i cesh ip ;  u n i v e r s i t i e s :  high personnel  tu rnover ,  
short-term c o n t r a c t s ,  ob l iga t ion  t o  educat ion and appren t i cesh ip ) .  
The program which up t o  now was c a r r i e d  out  w i t h  unmanned space 
f l i g h t s  w i l l  i n  f u t u r e  a l s o  include manned missions o r  manned 
missions f o r  maintenance and r epa i r .  

Table 2: 

7 ! con t r ibu t ions  t o  t h e  ESA sc i ence  program, t i t l e  # 686 01 
8) grand t o t a l -  9)  explanation: All fi;gares a r e  r o u m h k .  
The a c t u a l  expendi ture  between 1980 - 1983 inc ludes  
con t r ibu t ions  t o  t h e  ARIANE p r o j e c t .  

I BMFT budget f o r  extraterrestrial - 
2 means a v a i l a b l e  under t i t l e  # 3 
4 a v a i l a b l e  5 )  budget planning 6 

Since changing o r b i t s  w i l l  be r equ i r ed ,  e s p e c i a l l y  f o r  i n  s i t u  
measurements, i t  w i l l  be necessary t o  use non-reusable c a r r i e r  
systems such as ARIENE o r  t h e  space s h u t t l e .  

With r e s p e c t  t o  space vehic le  concepts t h e  program w i l l  cont inue 
t o  inc lude  research  r o c k e t s ,  s a t e l l i t e s  and probes and, e s p e c i a l l y  
important  f o r  astronomy, reusable  space s h u t t l e s  ( a t  a l a t e r  s t a g e  
space s t a t i o n  p la t forms)  with t h e  p o t e n t i a l  t o  r e t u r n  l o a d s  t o  
e a r t h .  Furthermore, space s t a t i o n s  w i l l  be requi red  f o r  use as 
l a b o r a t o r i e s ,  maintenance and r e p a i r .  

The concept of f u t u r e  pround segments w i l l  d r a w  on t h e  experience 
gained from t h e  US r e l a y  s a t e l l i t e  system TDRSS. 
c o s t  w i l l  be a d e f i n i t e  decision-making f a c t o r .  

Its ope ra t ing  

- I 5  - 
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Future programs 

An e s s e n t i a l  p a r t  o f  t h e  German program f o r  e x t r a t e r r e s t i a l  
exp lo ra t ion  w i l l  be r e a l i z e d  within ESA's s c i e n t i f i c  program. 
The long-term scena r io  lfHorizon 2OOOff  as s u b m i t t e d  by ESAf s 
chairman, Prof .  L u e s t ,  a s s i s t e d  by many European and, o f  course,  
German s c i e n t i s t s ,  i s  an extremely h e l p f u l  document a l s o  f o r  
n a t i o n a l  planning. 

I n  t h e  f i e l d  o f  astronomy and a s t rophys ic s  a new genera t ion  of 
l a rge - sca l e  te lescopes  i n  space w i l l  be t h e  dominant exp lo ra to ry  
instruments  i n  t h e  next decade. This equipment w i l l  b e n e f i t  from 
t h e  a v a i l a b i l i t y  o f  space s t a t i o n  s u p p l i e s  (long-term platforms 
f o r  maintenance and r e p a i r ) .  17 

Next t o  NASA's Space Telescope NASA a l s o  has  p lans  f o r  a n  Advanced 
X-Ray F a c i l i t y  (AXAF), an Inf ra red  Telescope SIRFT ( a t  t h e  end of 
t h e  9 0 ) s )  and a So la r  Telescope. European o r  German p a r t i c i p a t i o n  
i s  poss ib l e  and planned. ESA has p lans  wi th in  t h e  framework of 
t h e  long-term program, Horizon 2000,  f o r  an  I n f r a r e d  S a t e l l i t e  ISO, 
t h e  tlFIRST1f, an observatory f o r  t h e  extreme i n f r a r e d  spectrum and 
f o r  QUASAT f o r  l f R a d i o  Very Long Basel ine Interferometryf1 as we l l  
as f o r  8 Sargs VV-telescope "Lymanff and a large x-ray observatory 
i n  coopera t ion  with NASA. 

~ 

~~~ ~~ ~ 

Such la rge-sca le  p r o j e c t s  r e q u i r e  s u b s t a n t i a l  investments and may 
be too  expensive as national or b i l a t e r a l  p ro j ec t s .  They should,  
t h e r e f o r e ,  be r e a l i z e d  i n  conjunction with NASA. The f o c a l  
ins t rumenta t ion  of such devices,  made by var ious ESA members, w i l l  
have t o  be financed wi th in  the framework of n a t i o n a l  programs. 

P r o j e c t s  o f  t h e  s i z e  o f  ROSAT and a r e a s  not  covered by ESA and 
NASA programs may be c a r r i e d  o u t  a t  t h e  n a t i o n a l  l e v e l  as compli- 
mentary programs. It is  intended as a f i r s t  s t e p  f o r  a space- 
s ta t ion-compat ib le  platform for s c i e n t i f i c  s t u d i e s ,  t o  use a p l a t -  
form based on SPAS, ROSAT and EURECA. Such p la t forms  f o r  as t rono-  
mica l  and aeronomical missions s h o u l d  be r e a l i z e d  i n  conjunct ion 
with NASA ( w i l l  forego launching c o s t ) .  
NASA have a l ready  begun. P o t e n t i a l  payloads inc lude  1 m EUV t e l e -  
scope f o r  UV-astronomy. 

F i r s t  d i scuss ions  w i t h  

- 17 - 



The f i e l d  of s o l a r - t e r r e s t i a l  r e l a t i o n s h i p  r e q u i r e s  i n  - s i t u  
measurements a t  var ious loca t ions  i n  space as we l l  as measurements 
from a d is tance .  This w i l l  be achieved by a small s a t e l l i t e  
program ( f requent ly  i n  l a r g e  numbers) b u t  a l so  by p l ane t - a s t e ro id  
and comet probes. 

18 

A s  an  example, we wish t o  mention t h e  ESA planned SOH0 and CLUSTER 
program t h e  f irst  so-called "Cornerstone1' o f  t h e  Horizon-2000 
program. This program i s  t o  carry out  magnetospheres/plasma s t u d i e s .  
The t o t a l  investment i n  these  programs i s  r a t h e r  h igh  b u t  due t o  
t h e  r e l a t i v e l y  small s i z e  o f  the i n d i v i d u a l  components ( s a t e l l i t e s )  
t h e r e  e x i s t s  t h e  p o s s i b i l i t y  of p a r t i c i p a t i o n  by o the r  na t ions  (e.g. 
Japan and USA). 

Programs f o r  p l a n e t ,  comet and a s t e r o i d  probes a r e  s o  c o s t l y  t h a t  
they  should only be undertaken by e i t h e r  ESA o r  NASA o r  as a common 
venture.  German p a r t i c i p a t i o n  i n  t h e  NASA-planned programs such 
as I'Cornet Rendezvous and Asteroid Flyby" (CAW) seems f e a s i b l e  on 
t h e  same b a s i s  as f o r  t h e  GALILEO p r o j e c t .  Such missions planned 
by t h e  NASA s o l a r  system explora t ion  program could p a r t i a l l y  use 
space s t a t i o n s  as in te rmedia te  s tops .  Experiments f o r  such missions 
a r e  continued on a n a t i o n a l  basis.  

A s i d e  from t h e  la rge-sca le  e n t e r p r i s e s ,  t h e  solar-terrestrial f i e l d  
will i n  f u t u r e  cont inue t o  r equ i r e  high a l t i t u d e  programs i n  con- 
j u n c t i o n  with ground and s a t e l l i t e  measurements (e.g. MAC-SINE- 
EPS ILGN) . 
I n  summarizing one can say t h a t  t h e  German extraterrestrial program 19 
covers  many a r e a s  as far as the in t e rmed ia t e  f u t u r e  i s  concerned. 
This a p p l i e s  t o  t h e  many expert  f i e l d s  o f  t h e  var ious  German 
s c i e n t i f i c  groups as w e l l  as t o  t h e  ex ten t  o f  s t u d y  s o  t h a t  a 
similar cont inua t ion  provides good prospec ts  f o r  t h e  f u t u r e r  

ESA's sc ience  budget was increased ,  mainly due t o  German i n i t i a t i v e ,  
by about 5% pe r  annum a t  t h e  M i n i s t e r i a l  meeting i n  Rome a t  t h e  end 
of January 1985. The Rome agreement provides  annual  i n c r e a s e s  o f  
5% p.a. u n t i l  1989. The FRG supports t h e  long-term program llHorizon 
2000" with annual  cont r ibu t ions  of 200 MAU. The l e v e l  o f  spending 

- 18 - 



w i l l  be reached i n  1994 and i s  incorporated i n  t h e  in te rmedia te  
budget plans.  It w i l l  o f f e r  a more ex tens ive  l e v e l  o f  p a r t i c i p a t i o n  
t o  German s c i e n t i s t s .  O f  course t h e r e  have t o  b e  similar expendi ture  
i n c r e a s e s  on t h e  n a t i o n a l  l e v e l  s i n c e  payloads a r e  based on n a t i o n a l  
programs. 

The same a p p l i e s  t o  t h e  prepara t ion  o f  experiments and instrument- 
a t i o n  which w i l l  be deployed a t  space s t a t i o n s  i n  t h e  mid-90s. 

A ma jo r  f a c t o r  f o r  planning and guarantee o f  success  i s  not  nec- 
e s s a r i l y  t h e  abso lu te  s i z e  of  t he  budget b u t  t h e  assurance and 
c o n t i n u i t y  o f  f i n a n c e s  over long per iods  o f  t i m e , s i n c e  t h e  German 
program i s  p a r t  o f  an i n t e r n a t i o n a l  long-term program,and s c i e n t i f i c  
and exper t  communities cannot be c rea ted  o r  disbanded a t  random. 

The appendix p resen t s  more d e t a i l s  o f  some o f  t h e  ventures ,  such 
a s  SOHO, CLUSTER and CRAI?. 

Conclusion 20 

The German program f o r  bas i c  extraterrestrial research  i s  an e s s e n t i a l ,  
s u c c e s s f u l  and world-wide recognized p a r t  o f  t h e  space program and 
has t h e  same a t t r i b u t e s  f o r  basic r e sea rch  i n  t h e  Pede ra l  Republic 
of Germany. It civers a l l  major s c i e n t i f i c  d i s c i p l i n e s .  

A q u a l i t y  comparison on an i n t e r n a t i o n a l  l e v e l  can be made w i t h ,  
e.g. t h e  s u c c e s s f u l  s o l a r  probe HELIOS as wel l  as with o f f e r s  of 
coopera t ion  by o t h e r  na t ions ,  e.$. t h e  USA. Furthermore a d i s p r o p -  
o r t i o n a l  involvement by German s c i e n t i s t s  i n  ESA p r o j e c t s  is  a l s o  a 
y a r d s t i c k  f o r  t h e  a b i l i t y  of  German i n s t i t u t e s  and t h e  German space 
indus t ry .  The German program uses t h e  p o s s i b i l i t i e s  of  t h e  ESA 
sc i ence  program and cooperation offered by o t h e r  o rgan iza t ions  such 
as NASA. Supplementary, na t iona l  programs produce a well-balanced, 
all-encompassing, long-term master program which o f f e r s  t h e  var ious  
s c i e n t i f i c  s e c t o r s  f o c a l  points  a t  d i f f e r e n t  time i n t e r v a l s .  

The BlWT has offered f u r t h e r  appropr ia te  support  f o r  t h e  space 
program o f  t h e  FRG. 

- 19 - 



APPENDIX 

D e s c r i p t i o n  of i n d i v i d u a l  p ro jec ts :  
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S O H 0  
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P l a n e t s ,  I n t e r p l a n e t a r y  space 
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GRO - CCMPTEL 22 

The Gamma Ray Observatory (GRO) i s  a NASA p r o j e c t  t o  s t u d y  t h e  
range from s o f t  t o  hard gamma rays.  The FRG plays  an  e s s e n t i a l  
p a r t  i n  two o f  t h e  f o u r  experiments (Fig.  2.1). Cooperation 
between BPIFT and NASA has  been ou t l ined  i n  a l e t t e r  agreement 
o f  September 1981. 

COMPTEL (Compton Telescope) ,  one of t h e  t h r e e  l a r g e  experiments,  
i s  being developed under German management and constructed a t  
t h e  MBB company. Other p a r t i c i p a n t s  i n  t h e  s o f t  gamma ray  experi-  
ment are t h e  research  i n s t i t u t e  o f  t h e  New Hampshire Univers i ty ,  
USA, ESA-ESTEK and t h e  Leiden Universi ty ,  both o f  t h e  Netherlands. 

The P r i n c i p a l  I n v e s t i g a t o r  (PI )  comes from t h e  Max-Planck I n s t i t u t e  
f o r  E x t r a t e r r e s t i a l  Research i n  Garching, near Munich. Each i n s t i t -  
u t e  provides  e s s e n t i a l  hardware. 

COMPTEL (Fig.  2 .2 )  uses t h e  Compton s c a t t e r  (gamma r a y s  a t  e l e c t r o n e s )  
t o  r e g i s t e r  t h e  gamma r a d i a t i o n .  It i s  planned t o  measure t h e  
energy range between 1 and 30 MeV. The experiment a lone  w i l l  have 
a weight of 1.4 tons  while t h e  complete s a t e l l i t e  w i l l  exceed 15 tons.  

The major s c i e n t i f i c  goa l  of COMPTEL i s  t h e  discovery o f  po in t  
sources ,  t h e  s tudy of d i f fuse  gamma emission and the  gamma l i n e  
spectroscopy . 

- 2 1  - 
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GRO - EGRET 

The second instrument  on GRO,  i n  which German s c i e n t i s t s  a r e  a l s o  
involved,  i s  EGRET (Energe t ic  Gamma Ray Experiment Telescope) 
(Fig.  2 .3) .  

I t  w i l l  s e rve  t o  observe high-energy r a d i a t i o n .  
as wel l  as t h e  r e s o l u t i o n  c a p a b i l i t y  o f  t h i s  t e l e scope  w i l l  exceed 
t h e  values  o f  former experiments and s a t e l l i t e s  
magnitude o f  t e n  i n  the  energy range above 20  meV. 

The s e n s i t i v i t y  

(e.g. COS-B) by a 

EGRET i s  being developed by the G o d d a r d  Space P l i g h t  Center (GSPC) 
o f  StanTord Un ive r s i ty ,  t h e  Gruman A i r c r a f t  Corporat ion and t h e  
M a x  Planck I n s t i t u t e  f o r  
GSFC w i l l  supply t h e  spark  chamber with t r i g g e r  device;  
t h e  energy ca lo r ime te r  f o r  determining t h e  photon energy while 
t h e  Planck I n s t i t u t e  i s  respons ib le  f o r  bu i ld ing  t h e  a n t i -  
coincidence system and t h e  pressure con ta ine r  f o r  t h e  spa rk  chamber. 

Extraterrestrial I Physics  as a j o i n t  venture.  
Stanford,I 

According t o  r e c e n t  p lans  COMTEL and EGRET a r e  scheduled t o  be 
launched on board OR0 by the NASA space s h u t t l e  i n  February 1990. 
It is  t o  have an o r b i t  c l o s e  t o  e a r t h  a t  a b o u t  450 hm he igh t .  

Fig.  2 . 3  
1 )  View of "Energet ic  Gamma Ray Experiment Telescope" 
(EGRET) 2 )  o u t e r  diameter 3)  l i g h t  v i s o r  4)  sea led  
e l e c t r o n i c s  con ta ine r  5 )  an t i -co inc idence  s c i n t i l l a t o r  
dome 6 )  upper spark  chamber 7)  upper s c i n t i l l a t o r ,  
l i g h t  duct and photomul t ip l ie r  8) lower spark  chamber 
9) ant i -co inc idence  photo m u l t i p l i e r  
ves se l  1 1 )  lower s c i n t i l l a t o r  l i g h t  duct and photo- 
m u l t i p l i e r  1 2 )  base p l a t e  13) e l e c t r o n i c s  con ta ine r  
1 4 )  gas replenishment system 

IO) pressure  

1 5 )  NA I c r y s t a l  

26 
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X-ray s a t e l l i t e  ROSAT 27 

Following AZUR, DIAL,  AEROS and HELIOS t h e  x-ray s a t e l l i t e  (ROSAT) 
w i l l  be t h e  f i f t h  s c i e n t i f i c  s a t e l l i t e  p r o j e c t  of t h e  FRG. 

Based on o p t i c a l  p r i n c i p l e s  discovered by t h e  German p h y s i c i s t ,  
Hans Wolter, a f o u r - s h e l l  x-ray te lescope  i s  being developed with 
a f o c a l  l eng th  o f  2.40 m and a m i r r o r  diameter of 80 cm. It w i l l  
ope ra t e  i n  a f r e e - f l o a t i n g  space vehicle .  
p ropor t iona l  counter  (PSPC) and a high r educ t ion  imager (HRI) w i l l  
be used i n  t h e  f o c a l  plane of the  t e l e scope  t o  s t u d y  cosmic x-ray 
quanta. 
a r e  being suppl ied by NASA. 

Two po in t  s e n s i t i v e  

The PSPC i s  being developed i n  Germany while t h e  images 

A l s o  on board w i l l  be a small Engl ish te lescope  which w i l l  expand 
t h e  wave l eng th  towards EUV. 

The goa l s  of t h e  x-ray s a t e l l i t e  mission a re :  

- t o  o b t a i n  f o r  t h e  f i rs t  time complete s k y  p a t t e r n  data  by us ing  
an x-ray t e l e scope  with a point accuracy o f  x-ray sources  of 
b e t t e r  than  one a rc  minute 

- t o  s tudy i n  d e t a i l  s e l e c t e d  x-ray sources  ( p o i n t i n g )  w i t h  regard 
t o  s t r u c t u r a l  shape, changes caused by time as we l l  as t h e i r  
s p e c t r a l  c h a r a c t e r i s t i c s .  

I t  i s  expected t h a t  t h e  r e s u l t i n g  p a t t e r n  w i l l  r e v e a l  t h e  ex i s t ence  
o f  s e v e r a l  hundred thousand x-ray sources.  The data w i l l  then  be 
summarized i n  an  x-ray a t las .  
as an  observatory t o  many i n t e r e s t e d  s c i e n t i f i c  groups dur ing  t h e  
p o i n t i n g  phase. 

The x-ray s a t e l l i t e  w i l l  b e  a v a i l a b l e  

It i s  planned t o  launch t h e  x-ray s a t e l l i t e  with t h e  NASA space 
s h u t t l e .  The nominal mission l eng th  i s  t o  be a t  l e a s t  18 months. 

The m a j o r  t e c h n i c a l  data o f  the s a t e l l i t e  is: 

Mass 
Dimensions 

- 26 - 
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2 .2  m l eng th  
4.5 m diameter 



Sola r  genera tor  capaci ty  1 kW 
Data s t o r a g e  capac i ty  on board  I 400 Mbi t  
Data t ransmiss ion  rate 1 M b i t / s  

The x-ray s a t e l l i t e  development has  a l m o s t  been completed f o l l o w -  
i n g  t h e  i n t e g r a t e d  system t e s t  on a development model. A c r i t i c a l  
design check based on t e s t  r e s u l t s  and a n a l y t i c a l  eva lua t ion  
showed t h a t  requirements have been o r  can be met. 

The p r o j e c t  i s  based on i n t e r n a t i o n a l  cooperat ion t o g e t h e r  with 
the  USA and Great B r i t a i n .  The BMFT has assigned t h e  p r o j e c t  
management t o  t h e  DFVLR i n  Cologne. I n  exchange f o r  accommodating 
an American instrument  and p a r t i c i p a t i o n  i n  t h e  observa t ion  period 
NASA w i l l  provide a free-of-charge launch o f  t h e  s a t e l l i t e  with 
t h e  space s h u t t l e .  Launching t h e  f l i g h t  model i s  planned f o r  t h e  
middle o f  1988 ,  mission con t ro l  w i t h  t h e  ground c o n t r o l  s t a t i o n  
o f  t h e  DFVLR i n  Oberpfaffenhofen. 

Management o f  t h e  s c i e n t i f i c  data eva lua t ion  l i e s  with t h e  Max 
Planck I n s t i t u t e  f o r  Physics  and Astrophysics  i n  Garching. 

1 m EliV - Telescope 30 

This b i l a t e r a l  space vehic le  p r o j e c t  (Germany/USA) w i l l  undertake 
as t ronomica l  measurements on se l ec t ed  s t e l l a r  o b j e c t s  a t  t h e  fa r  
and Extreme U l t r a v i o l e t  (EUV) range under t h e  s c i e n t i f i c  d i r e c t i o n  
o f  Prof.  M. Grewing of t h e  Astronomy I n s t i t u t e ,  Tubingen Un ive r s i ty ,  
and P ro f .  S. Bowyer, Space Science Lab (SSL),  Un ive r s i ty  o f  
C a l i f o r n i a ,  Berkeley, USA. 

P r i o r  t o  EUV experiments were photometric experiments,  whereas f o r  
t h e  f i r s t  time t h i s  s t u d y  w i l l  be based on a spec t roscop ic  pay load .  
Spectroscopy w i l l  make i t  poss ib le  t o  ga in  new i n s i g h t s  i n t o  t h e  
dynamics and composition o f  the o u t e r  l a y e r s  o f  s tar atmospheres 
a s  wel l  a s  i n t e r s t e l l a r  media. Two missions w i t h  a 1 m m i r r o r  
t e l e scope  f o r  t h e  EUV range aboard an ARIES rocket  were launched 
on 6.17.1982 and 11.27.1983 a t  White Sands Miss i l e  Range, USA. 
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The f o c a l  plane of t h e  te lescope incorporated a Rowland spectrometer  
with medium r e s o l u t i o n  (SSL) and a combination of s i x  photometers 
(AIT). The rnission t a r g e t  i n  both cases  was t h e  hot  White D w a r f  
Hz 43 a t  the  extreme UV (35 - 110 nm) and t h e  photometric s t u d y  o f  
d i f fuse ,  e x t r a s o l a r  background r a d i a t i o n  of t h e  extreme and far  
uv (75 - 220 nm). 

The p r o j e c t ' s  long-term goa l  is the  use o f  a 1 m m i r r o r  t e l e scope  
on a f r e e - f l o a t i n g  platform t o  be re leased  from a space s h u t t l e ,  
recaptured and brought back during t h e  same mission. It i s  hoped 
t h a t  t h i s  w i l l  produce considerably more i n t e g r a t i o n  time which 
i s  requi red  f o r  record ing  s t e l l a r  o b j e c t s  i n  t h e  EUV range. 

INTERZGDIAK 

The INTERZGDIAK p r o j e c t  i s  regarded as t h e  successor  t o  t h e  ASTRO 
6 and ASTRG-HEL p r o j e c t s  which were s u c c e s s f u l l y  completed i n  June 
1976 and October 1979. 

31 

INTERZGDIAK, l i k e  t h e  two p r io r  p r o j e c t s ,  is  t o  analyze t h e  helium 
r a d i a t i o n  a t  t h e  s t i l l  c l o s e r  v i c i n i t y  o f  t h e  sun as wel l  as t h e  
r a d i a t i o n  of t he  geo-coronal hydrogen. 
goa l  o f  t h i s  p r o j e c t  i s  the  s t u d y  of a s p e c i f i c  type of EUV r a d i a t i o n  
which i s  crea ted  as resonance r a d i a t i o n  of  s o l a r  photons as n e u t r a l  
gas p a r t i c l e s  i n  t h e  c l o s e  v i c i n i t y  o f  t h e  so l a r  corona. 

The p a r t i c u l a r  s c i e n t i f i c  

One payload was launched a t  Natal, B r a z i l  on 3.3.1985, a second one 
being planned f o r  March 1988. 

Prof .  H . J .  Pahr ,  I n s t i t u t e  f o r  Astrophysics and E x t r a t e r r e s t i a l  
Research, Bonn Univers i ty ,  was t h e  s c i e n t i f i c  d i r e c t o r  o f  t h i s  
space mission. 

The payload can be ad jus ted  i n  t h r e e  a x i a l  planes as demanded by 
t h e  complicated d i r e c t i o n a l  requirements. 
while pass ing  through t h e  th i cke r  atmosphere by a disposable  nose 
cone. 

I t  w i l l  be protected 



The payload was designed and b u i l t  by t h e  Dornier Systems Company. 
The d i r e c t i o n a l  bear ing con t ro l  was designed and suppl ied by t h e  
DFVLR. The three-s tage  rocket ,  type Skylark 1 2 ,  was de l ivered  by 
t h e  B r i t i s h  company BAE. 

Such a cooperat ive p r o j e c t  i s  a t y p i c a l  example o f  t h e  develop- 32 
ment of a payload from t h e  ea r ly  t e s t i n g  o f  rocke t s  t o  t h e  
complicated deployment o f  a space s t a t i o n  and s a t e l l i t e .  

IUE - S a t e l l i t e  

The I n t e r n a t i o n a l  U l t r a v i o l e t  Explorer ( I U E )  Program involves  
cooperat ion between NASA, ESA and t h e  B r i t i s h  Science Research 
Council  ( S R C ) .  

It w a s  t h e  s c i e n t i f i c  goal  o f  t h e  I n t e r n a t i o n a l  S a t e l l i t e  Program 
IUE t o  provide an  o r b i t a l  observatory f o r  t h e  UV s p e c t r a l  range, 
It i s  being operated by two ground s t a t i o n s ,  i . e .  NASA/GSFC (USA) 
and V i l l a  Franca (Spain)  a t  a geo-s ta t ionary  o r b i t .  

The m a j o r  s t r e s s  o f  t h e  IUE research l i e s  i n  t h e  UV range between 
1150 and 3200 8. 
Cassegrain t e l e scope ,  two Echel le  spectrographs and two TV d e t e c t o r  
cameras. I ts  launch weight was 670 kg, The launch t o o k  place on 
J a n u a r y  26, 1978. It was designed f o r  an ope ra t ion  per iod o f  t h r e e  
years  and i s  s t i l l  ope ra t ing  s a t i s f a c t o r i l y  a f t e r  e i g h t  years .  It 
i s  planned t o  cont inue t h e  mission u n t i l  1990. 

The s a t e l l i t e  was equipped with one 45 cm 

The FRG takes  p a r t  i n  t h i s  p ro jec t  v i a  ESA. Based on t h e i r  f i n a n c i a l  
involvement NASA i s  given 16 hours/day o f  observa t ion  time and SRC 
and ESA each 4 hours/day. 

A t  t h e  beginning o f  t h e  mission 200 astronomers from 17 na t ions  
( inc lud ing  t h e  USSR) were named who were t o  undertake astronomical  
IUE observa t ions ,  The s c i e n t i f i c  s t u d i e s  reached f rom t h e  p l a n e t s  
o f  o u r  so la r  system t o  t h e  f u r t h e s t  ob jec t  o f  t h e  universe ,  includ-  
i n g  quasa r s ,  p u l s a r s  and b l a c k  h o l e s ,  
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HIPPARCOS 34 

Hipparcos (High P rec i s ion  Pa ra l l axe  C o l l e c t i n g  S a t e l l i t e )  i s  
meant t o  honor t h e  Greek astronomer Hipparch (ca.  150 B.C.) 

It i s  a n  ESA pro jec t .  The instruments aboard t h e  astrometry-  
s a t e l l i t e  are  designed t o  ob ta in  exac t  data o f  t r igonometr ic  
p a r a l l e x e s ,  l o c a t i o n  and a x i a l  movement of a b o u t  100,000 
s e l e c t e d  stars, t h e  major i ty  b r igh te r  than  t h e  11th photographic 
s i z e ,  a l l  of which t akes  place over a per iod o f  2 4  years .  It 
i s  hoped not  t o  exceed t h e  mean e r r o r  of pa ra l l axes  by 2 O"002 

per year.  The p r i n c i p l e  behind t h e  s tudy with Hipparcos i s  t h e  
p r e c i s i o n  measurement o f  a n  angle of 68.5' between two  s e l e c t e d  
p a i r s  o f  stars. 

It is  f o r  t h i s  purpose t h a t  the t e l e scope  has been provided with 
t w o  r a d i a t i o n  r e c e i v e r s  each with an  a p e r t u r e  angle  of 54  a r c  
minutes which inc ludes  t h e  bas i s  angle  of 68.5'. 
f rom the  two r a d i a t i o n  r e c e i v e r s  a r e  transposed by means of a 
complex m i r r o r  which a l l o w s  a d i f f e r e n t i a l  measurement of t h e  
angle  d i f f e rences  by comparing star l o c a t i o n s .  

The images 

The launch of Hipparcos i s  planned f o r  J u l y  1 ,  1988 a b o a r d  a n  
ARIANE 4. The s a t e l l i t e  path is  scheduled t o  be geo-synchronous, 
i . e .  t h e  o r b i t  w i l l  be t i l t e d  away f r o m  the  equator  a t  an  approx- 
imate d i s t ance  o f  36,000 km. 

The FRG p a r t i c i p a t e s  i n  t h i s  program v ia  ESA. Furthermore, t h e  
Fede ra l  Government supports  f o u r  s c i e n t i f i c  i n s t i t u t e s :  

- The Astronomical I n s t i t u t e  o f  t h e  Hamburg Univers i ty  
- The Astronomical I n s t i t u t e  o f  t h e  Bonn Univers i ty  
- The Astronomical I n s t i t u t e  of t h e  Tuebingen Univers i ty  
- The Astronomical Computer I n s t i t u t e ,  Heidelberg. 

These institutes w i l l  prepare  the 100,000 star inpu t  c a t a l o g  and 
make p repa ra t ion  f o r  t he  photometric measurements o f  Hipparcos. 
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In f r a red  Space Observatorx (ISO) 35 

The launch of t h e  IS0 s a t e l l i t e  i s  planned f o r  1992. It involves  
a te lescope  which i s  cooled down t o  10 K and which u t i l i z e s  t h e  
s p e c t r a l  range 2 - 200 pm. It has  an a p e r t u r e  o f  60 cm diameter 
and incorpora tes  f o u r  s c i e n t i f i c  instruments  (Fig. 2 . 5 )  . 
The s a t e l l i t e  is  being developed by ESA with a l a r g e  involvement 
o f  t he  German indus t ry .  The s c i e n t i f i c  ins t rumenta t ion  i s  t h e  
r e s p o n s i b i l i t y  o f  var ious i n t e r n a t i o n a l  i n s t i t u t e s .  

The FRG p a r t i c i p a t e s  i n  I $  of the  f o u r  experiments and s u p p l i e s  
t h e  P r i n c i p a l  I n v e s t i g a t o r  f o r  t h e  photo-polarimeter. 

Compared t o  convent ional  I R  observat ions by plane o r  t e l e scopes  
a b o a r d  bal loons,  IS0 has a 1000 t imes higher  s e n s i t i v i t y  due t o  
opera t ion  ou t s ide  t h e  e a r t h  atmosphere which e l imina te s  i n t e r -  
fe rence .  A t  t he  same time heat  r a d i a t i o n ,  i . e .  i n t e r n a l  I R  
r a d i a t i o n  o f  t e lescope  and instrument i s  very much reduced by s t r o n g  
cool ing,  s o  t h a t  t h e  in f r a red  sources  o f  t h e  s k y  can b e  s tud ied  
without i n s t rumen ta l  in te r fe rence .  

The te lescope  is  cooled with 2000 1 supe r f lu id  helium. Extreme 
i n s u l a t i o n  measures permit a c r y o s t a t i c  ho ld ing  period o f  20  months 
which i s  t h e  planned l i f e  span o f  t h e  s a t e l l i t e .  IS0 w i l l  be 
launched by ARIANE. 

Mainly involved i s  t h e  s tudy  o f  such astronomical  o b j e c t s  whose 36 
luminosi ty  l i e s  i n  t h e  in f r a red  spectrum such as chains  o f  second- 
a ry  stars and d u s t  clouds as well as cosmo-logical o b j e c t s  such 
as S e y t e r t  ga l ax ie s  and suspected quasars .  Another major  i nves t ig -  
a t i o n  i s  t h e  s tudy o f  ob jec t s  which a r e  embedded i n  dense d u s t  . 
clouds which can only be  observed by i n f r a r e d  b u t  not o p t i c a l  
astronomy. This i nc ludes  a reas  o f  new s t a r  formation,  g a l a c t i c  
c e n t e r s  and t h e  c e n t e r  of o u r  Milky Way. 
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MAC-SINE/-EPSILON 

The years  f rom 1982 t o  1985 involved t h e  Middle Atmosphere 
Program (MAP) which was very success fu l  i n  s t i m u l a t i n g  and 
coord ina t ing  t h e  s tudy o f  t h e  e a r t h ' s  atmosphere, i . e . ,  t h e  
s t r a t o s p h e r e ,  mesophere and the lower thermosphere, I n t e r e s t  
was indeed s o  l i v e l y  t h a t  t h e  s c i e n t i f i c  community has  recommended 
cont inuing  MAP with a new program named M i d d l e  Atmosphere 
- Cooperation (MAC). 

- - 

P a r t  of MAP was t h e  Winter-in-Northern-Europe (WINE) campaign 
c a r r i e d  ou t  s u c c e s s f u l l y  between November 1983 t o  Pebruary 1984. 
MAP/WINE produced many new and valuable  data  o f  t h e  high m i d d l e  
atmosphere during a winter  period. The experience gained f rom 
both experimental  technology and t h e o r e t i c a l  methods w i l l  fo rm 
a s o l i d  base f o r  f u r t h e r  s tud ie s .  

- - -  - 

These s t u d i e s  a r e  planned t o  expand i n t o  t h e  fo l lowing  d i r e c t i o n s :  
a )  t o  record t h e  condi t ions  o f  t h e  middle atmosphere a t  h ighe r  

l a t i t u d e s  and o the r  seasons which, o f  course,  have q u i t e  
d i f f e r e n t  meteorological  condi t ions and 

b) i n v e s t i g a t i o n  o f  e spec ia l ly  important  phenomena which would 
no t  be f u l l y  s tud ied  i n  e a r l i e r  campaigns, 

The p r o j e c t  p r e s e n t l y  planned provides f o r  two ventures  of d i f f e r -  
i ng ,  however complementary, s c i e n t i f i c  goals:  

- Middle Atmosphere Cooperation/Summer i n  Northern Europe (MAC/SINE) 39 - - - -  - - 
i n t o  inves t iga t ed  condi t ions  dur ing  summer s o l s t i c e .  This venture  
should produce t h e  l a r g e s t  con t r a s t  t o  t h e  win ter  condi t ions  as 
s tud ied  during t h e  MAP/WINE campaign. The venture w i l l  c o n s i s t  
of a number of r egu la r  meteroro logica l  rocke t  launches as w e l l  
a s  observa t ions  f r o m  ground s t a t i o n s .  

- MAC/EPSILON (EPSILON s t ands  f o r  energy d i s s i p a t i o n  r a t e  i n  
atmospheric tu rbulence)  is regarded as a s t u d y  o f  tu rbulences  
i n  t h e  middle atmosphere, i . e . ,  a s t u d y  of phenomena, concen- 
t ra ted  i n  time and space,  during s t r o n g  turbulences.  It i s  
a l s o  expected t o  provide new information a b o u t  t h e  middle 
atmosphere's gene ra l  condi t ion a t  high l a t i t u d e s  during f a l l  
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and winter  condi t ions.  The venture inc ludes  f i v e  densely 
instrumented payloads as well as s e v e r a l  meteorological  
rocke ts  which a r e  launched i n  c e r t a i n  combinations supported 
by s e v e r a l  ground s t a t i o n  observat ion methods. 

The h igh -a l t i t ude  rocke t  research p r o j e c t  i s  undertaken b i l a t e r a l l y  
with Korway. 

The s c i e n t i f i c  management l i e s  with D r .  E. Thrane, Os lo /N  and 
Prof.  U.V. Zahn, Physics  I n s t i t u t e  of Bonn Univers i ty .  Launches 
a r e  scheduled i n  June/July 1987 (SINE) and October/November 1987 
(EPSILON) at  Andoya, Norway. 

San Marco D/4 

The f o u r t h  US/ I t a l i an  p r o j e c t  between t h e  Centro Ricerche Aero- 
s p a z i a l :  ( C R A )  o f  Rome University and NASA/GSFC a l s o  involves  
two German experiments aboard the  s a t e l l i t e  San Marco D/4 .  
s a t e l l i t e  concent ra tes  on aeronomic and r a d i a t i o n  equi l ibr ium 
measurements. 

This 

- A b o a r d  t h e  s a t e l l i t e  i s  t h e  device - ASS1 (Airglow S o l a r  Spectro- 
meter Instrument)  which was formerly designed by t h e  Fraunhofer 
S o c i e t y -  (FhG), Munich and i s  now i n  t h e  hands o f  t h e  PTS company 
i n  Preiburg.  
The device records i n  18  se l ec t ed  wave l eng th  ranges t h e  incoming 
r a d i a t i o n  between 70 and 700 nm, i . e .  i t  ranges f rom t h e  extreme 
u l t r a v i o l e t  t o  t he  o p t i c a l  spectrum. The l a r g e  dynamic capac i ty  
o f  t h e  channels f rom 1 : l o l l  permits t he  simultaneous measure- 
ment of simple r a d i a t i o n  of weak a i r  glow f rom i n t e r p l a n e t a r y  
sources  ( r e f l e c t e d  l i g h t  f r o m  clouds and water s u r f a c e s )  as they 
occur during one s a t e l l i t e  revolu t ion  a l l  t he  way t o  t he  measure- 
ment of i n t e n s i v e ,  unhindered solar  r a d i a t i o n  - a l l  with one 
s i n g l e  device.  

It i s  being b u i l t  by t he  Dornier System Company. 

40 

This  device i s  a d i r e c t  f u r t h e r  development o f  an  experiment used 
i n  t h e  AERCS program. 

P 
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- The second German experiment, t h e  Drag experiment ODA o f  Bonn 
Univers i ty  ( respons ib le  s c i e n t i s t  Prof.  Roemer) i s  t o  determine 
t h e  s a t e l l i t e ' s  d e c e l l e r a t i o n  through o r b i t a l  a i r  p a r t i c l e  
dens i ty  based on radar data  obtained. 

Data co l l ec t ed  f r o m  both experiments, t oge the r  with the  I t a l i a n  
and American experiment, w i l l  permit d e t a i l e d  s ta tements  a b o u t  
composition, temperature ,  p a r t i c l e  dens i ty  as we l l  as t h e i r  
dynamic behavior i n  the  equa to r i a l  thermosphere ( o r b i t  h e i g h t  
a b o u t  700 km). 

It i s  planned t o  launch the  s a t e l l i t e  i n  November 1986 a t  t h e  
launch f a c i l i t y  SAN MARC0 on t h e  coas t  o f  Kenya. The experiment 
w i l l  have a l i f e  span o f  more  than 1.5 years .  

CRISTA 

The helium-cooled i n f r a r e d  te lescope CRISTA (cyyogenic i n f r a r e d  
spectrometer  and te lescope  f o r  the atmosphere) i s  the  c e n t e r  piece 
of a venture  t o  s tudy t h e  v a r i a b i l i t y  o f  t h e  middle and upper 
atmosphere. It i s  t o  i n v e s t i g a t e  medium and small volume s t r u c t u r e s  
aboard a f r e e  f l o a t i n g  platform re l eased  f rom a space s h u t t l e .  
Previous measurements o f  atmospheric parameters a t  he igh t s  f r o m  
50 - 120 km f r equen t ly  showed small  v a r i a t i o n s  which were regarded 
a s  l o c a l  e f f e c t s ,  background noise o r  measuring problems. Newer 
r e s u l t s  f rom space research  vehic les  seem t o  i n d i c a t e  t h a t  t he  
m a j o r i t y  o f  s t r u c t u r e s  are not  random by na ture .  
mission i s  t o  e s t a b l i s h  t o  what ex ten t  t h e  above v a r i a t i o n s  occur 
i n  t h e  atmosphere. 
w i l l  make i t  poss ib l e ,  d u e  t o  the high r e s o l u t i o n ,  t o  measure 
changes i n  the  dynamics, energy balance and molecular composition. 
The atmospheric l a y e r s  i nves t iga t ed ,  1.5 km t h i c k  a t  he igh t s  of 
20 - 150 km, w i l l  be a t  a 2000 km d i s t ance  f rom t h e  instruments .  

I 

This explora tory  

A three-day f l i g h t  mission a t  300 km he igh t  

S e v e r a l  s c i e n t i f i c  groups who have previously worked s u c c e s s f u l l y  
t o g e t h e r  a t  some space explora t ion  programs (balance,  MAP/WINE) 
want t o  j o i n  CRISTA i n  order  t o  " research  t h e  atmosphere's l -  

41 

42 
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v a r i a b i l i t y " .  Major cont r ibu t ions  a r e  expected f rom two US 
Michelson in te r fe ro-meters  which w i l l ,  t oge the r  with C R I S T A ,  
cover l a r g e  p a r t s  o f  t h e  inf ra red  wave l eng th  spectrum and which 
w i l l  supplement each o t h e r  due t o  t h e i r  d i f f e r e n t  po in t ing  
d i r e c t i o n  c a p a b i l i t i e s .  

It  i s  planned t o  c a r r y  o u t  t h e  measurements simultaneously with 43  
t h e  NASA s a t e l l i t e  UARS (Upper Atmosphere Research S a t e l l i t e )  
whose measuring ranges w i l l  f i t  i n t o  i n d i v i d u a l  s e c t i o n s  of t h e  
experiment and whose extended measuring period w i l l  o f f e r  good 
g loba l  cover. 

A schematic c ros s  s e c t i o n  o f  the CRISTA te lescope  i s  shown i n  Fig.  3.1. 

In f r a red  r a d i a t i o n  emitted by the  atmosphere e n t e r s  through t h r e e  
ape r tu re s  ( t h r e e  po in t  d i r e c t i o n s )  i n t o  t h e  instrument .  A baf f l e  
s t r u c t u r e  suppresses  undesirable  s c a t t e r  r a d i a t i o n .  Three t e l e -  
scopes (Herschel type)  f i x  the  s p a t i a l  r e s o l u t i o n  and focus t h e  
r a d i a t i o n  onto t h e  spectrometer. A t i l t i n g  m i r r o r  i n  each t e l e -  
scope a l l o w s  t h e  sens ing  o f  i nd iv idua l  he igh t  l a y e r s .  The s p e c t r a l  
d e f r a c t i o n  o f  t h e  incoming r a d i a t i o n  i s  achieved ( s e p a r a t e l y  f o r  
each po in t ing )  i n  g r id  spectrometers (Ebert-Fast ie  t ype ) .  Nine 
h i g h - s e n s i t i v i t y  d e t e c t o r s  i n  each of t h e  t h r e e  spec t rometers  
record c h a r a c t e r i s t i c  emission o f  t r a c e  gases. Each d e t e c t o r  i s  
arranged i n  such a way t h a t  i t  can measure a ma jo r  l i n e  o r  band 
i n  t h e  wave length  o f  4 - 24 prn. 

There i s  an  a d d i t i o n a l  spectrometer with f o u r  channels ( d e t e c t o r s )  
f o r  t h e  15 - 80 um range i n  the cen te r  r a d i a t i o n  duct.  Detector  
ope ra t ion  and suppression o f  i n t e r n a l  t e l e scope  and spectrometer  
emission r e q u i r e s  cool ing  w i t h  s u p r a f l u i d  helium (2 .5  K t o  3 . 5  K) 
o r  s u p e r c r i t i c a l  helium ( 5 K  t o  11 K ) .  
shown) and 900 1 helium o f f e r s  a n  est imated ope ra t ing  time o f  2 0  

d a y s  ( i nc lud ing  time span p r io r  t o  launch) .  

A tank capac i ty  o f  2 0  1 (no t  

A s t a t i o n a r y  GKF cy l inde r  se rves  as a connection between t h e  c o o l  
and w a r m  p o r t i o n  of t h e  device and t akes  t h e  launching s t r e s s  o f  
t h e  c r y o s t a t .  A r a d i a t i o n  v isor ,  cooled by waste helium gas ,  reduces 
incoming h e a t  r a d i a t i o n  through t h e  o u t e r  vacuum s h e l l .  
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It was planned t o  ca r ry  out  the CRISTA mission i n  t h e  s p r i n g  o f  
1990 before the  t r a g i c  Challenger d i s a s t e r .  

ICE (prev ious ly  ISEE 3 )  

The ICE probe, t h e  former NASA's ISEE 3 s a t e l l i t e ,  was o r i g i n a l l y  
s t a t i o n e d  a t  t h e  l i b e r a t i o n  point (equal  a t t r a c t i o n  between sun 
and e a r t h )  a t  a b o u t  1.5 m i l l i o n  krn f rom e a r t h  t o  measure solar  
winds. ISEE ( I n t e r n a t i o n a l  Solar Ear th  Explora t ion)  was renamed 
ICE ( I n t e r n a t i o n a l  Cometary Explorer) f o r  i t s  new mission which 
began on 19.22.83 when i t  orb i ted  t h e  moon a t  a he igh t  o f  120 km. 
I t  t h e n  crossed t h e  comet t a i l  o f  t he  Giacobini-Zinner comet on 
9.11.85 a t  8000 km dis tance  f r o m  t h e  comet core  which was a t  t h a t  
p o i n t  a 70 m i l l i o n  km d is tance  f r o m  t h e  e a r t h .  It had no comet- 
s p e c i f i c  experiments on board b u t  neve r the l e s s  obtained use fu l  
in format idn  f o r :  

- E l e c t r o n  plasma Los Alamos, USA 
- hagneto-meter JPL USA 
- Plasma waves TRW system USA 
- R a d i o  waves P a r i s  observatory,  France 
- Plasma composition GSFC USA 
- Low-energy cosmic r a d i a t i o n  PIPE, Garching, Germany 
- Energy-rich p a r t i c l e s  London Univers i ty ,  GB 

The MPE experiment was supported by t h e  FEG dur ing  the  years  f r o m  
1974 t o  1978. 

C AES AR 

The CAESAR (Auroral  Experiment us ing  S c a t t e r  and Rockets) mission,  
conc luded  i n  1985, made  a d i a g n o s i s  o f  the a u r o r a l  a r c  with the 
a id  o f  r ada r  s c a t t e r i n g  and coordinated rocke t  experiments. 

45 
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S c i e n t i f i c  management l a y  with D. K. Wilhelm o f  t he  Max-Planck 
I n s t i t u t e  f o r  Aeronomy. 

Two mission launches were car r ied  o u t  a t  Andoya, Norway, i n  January 
1984 and January 1985. 

Formation o f  au ro ra l  a r c s  has always been o f  g r e a t  s c i e n t i f i c  
i n t e r e s t .  Although w e  now have a n  understanding of some aspects, 
many ques t ions  remain open w i t h  r e s p e c t  t o  t h e  complete concept 
as wel l  as t o  t h e  d e t a i l e d  mechanism o f  aurora l  physics.  
t h e  urgent ques t ions  concerns the energy f l o w  f rom t h e  magneto- 
sphere t o  t h e  ionosphere and vice versa.  A combination o f  a r c  
r e l a t e d  measurements with s c a t t e r  equipment and rocket  technology 
should expand o u r  knowledge i n  a l l  t hese  f i e l d s .  

One o f  

The primary goal  o f  t h i s  campaign was t h e  s t u d y  o f  f i e l d  and 
p a r t i c l e  d i s t r i b u t i o n  i n s i d e  and nearby an  a u r o r a l  a r c  i n  order  t o  
l e a r n  t h e  processes  which lead t o  an a r c  formation and t h e  per ta in-  
ing energy transport from the magnetosphere t o  t h e  ionosphere.  The 
modi f ica t ion  of t h e  ionosphere,  on t h e  o the r  hand, i n f luences  t h e  
magnetosphere s i n c e  both systems a r e  c lose ly  t i e d  toge ther .  In  
order  t o  deepen our understanding i t  was necessary t o  determine 
the  e l e c t r i c a l  f i e l d  conf igura t ion  i n  t h e  ionosphere and magneto- 
sphere i n  t h e  c lose  v i c i n i t y  and above a n  a u r o r a l  a r c  as wel l  as 
t h e  r e l a t i o n s h i p  of f i e l d - l i n e  p a r a l l e l  f l o w s  and t h e i r  cont inua t ion  
i n t o  t h e  ionosphere.  

47 Another a spec t  was t h e  s tudy o f  an  a c t i v e ,  p u l s a t i n g  aura dur ing  
t h e  recovery phase a f t e r  a magnetic p a r t i c l e  s to rm.  L i t t l e  i s  
known a b o u t  such a phenomena and w i l l  r equ i r e  some p ionee r ing  
research.  I n  c o n t r a s t  t o  t he  s i t u a t i o n  o f  a u r o r a l  a r c s ,  which 
involves  l o c a l  processes ,  i t  seems t o  be gene ra l ly  va l id  t h a t  t h e  
o r i g i n  o f  pu l sa t ion  formation m u s t  be looked f o r  near  t h e  geo- 
magnetic equator  . 
Two i d e n t i c a l  rocke t  payloads were launched f rom Andoya, Norway, 
a t o p  a three-s tage  Skylark-12 rocke t  t o  a he igh t  o f  about 750 km. 
With t h e  h e l p  of EISCAT (European Incoherent S c a t t e r )  - which was 
coordinated i n  time and space - observa t ions  were carried o u t  t o  

_-. 
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gain  complete information on plasma parameters i n  t h e  v i c i n i t y  
o f  an a u r o r a l  a r c .  

NiPTE 49 

The AMPTE p r o j e c t  (Active Magnetospheric P a r t i c l e  Tracer  Exp lo re r s )  
i s  a m u t u a l  space research  p ro jec t  between t h e  USA,  England and t h e  
FRG. It c o n s i s t s  o f  t h r e e  s a t e l l i t e s  a l l  launched on one Del ta  
rocke t  a t  Cape Canaveral on A u g u s t  16,  1984. 

The - IFiN ( Ion  Release Module) made i n  Germany by t h e  Max Planck 
I n s t i t u t e  f o r  Extraterrestrial Physics (MPE) i n  Garching) r e l eased  
i o n s  i n s i d e  and o u t s i d e  t h e  e a r t h ' s  magnetosphere i n t o  t h e  surround- 
i n g  plasma. The plasma-physical e f f e c t s  were then analyaed with 
d i agnos t i c  ins t ruments ,  

A s econd s a t e l l i t e ,  - CCE (Charge Composition Exp lo re r ) ,  produced by 
t h e  Applied Physics Laboratory (APL, Maryland ,  U S A )  was used t o  
measure t h e  n a t u r a l  i o n  composition o f  t h e  magnetosphere as w e l l  
as t o  show t h e  t r a n s p o r t  o f  t h e  a r t i f i c i a l l y  space- injected i o n s  
towards a r e a s  c l o s e  t o  e a r t h .  

The t h i r d  s a t e l l i t e ,  - URS (United Kingdom S a t e l l i t e )  was produced at the 
Rutherford Appleton Laboratory (England) a s  a s u b s i d i a r y  s a t e l l i t e  
o f  t h e  IWi and which it  supports f o r  plasma-diagnostic measurements 
a t  a d i s t ance  o f  some 100 km from t h e  IRM. 

The major aims o f  t h e  AMPTE mission can be summarized as f o l l o w s : -  

a )  I n  s i t u  observa t ions  o f  t h e  plasma-physical e f f e c t s  which occur 
dur ing  i n t e r a c t i o n  o f  two plasmas.  

b )  The s t u d y  of  i ons  e n t e r i n g  i n t o  t h e  e a r t h ' s  magnetosphere which 
previous ly  were i n j e c t e d  i n t o  t h e  so la r  wind. 

c )  The s tudy of i o n  t r a n s p o r t  i n s i d e  t h e  e a r t h ' s  magnetosphere. 
d)  Crea t ion  of an a r t i f i c i a l  comet i n  the'magnetosheath' .  
e )  Study of  natural  boundaries and boundary layers such as t h e  

magneto-pause, bow-shock and t h e  ' n e u t r a l  shee t '  , 
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50 The a l l o v e r  s c i e n t i f i c  management o f  t h e  p r o j e c t  l i e s  with S.M. 
Krimigis/APL and G. €iaerendel/MPE. MPE was re spons ib l e  f o r  t h e  
s a t e l l i t e  cons t ruc t ion  and t h e  execut ion of t h e  experimental  
program. MPG was i n  charge of  t h e  design of t h e  d i agnos t i c  
experiments. PXssion c o n t r o l  is being c a r r i e d  o u t  by DFVLR/GSCC. 
The AIvIPTE p r o j e c t  i s  supported i n  Germany by t h e  BIFT, i n  t h e  
USA by NASA and i n  England by SERC. 
p a r t  i s  a l so  i n  t h e  hands o f  DFVLR-RF. 

Supervis ion f o r  t h e  German 

Two i n v i s i b l e  l i t h i u m  i n j e c t i o n s  were c rea ted  by t h e  llbow shock1! 
on t h e  9 th ,  11th and 20th September 1984. 

The f i r s t  " a r t i f i c i a l " c o m e t ,  i , e .  a b a r i u m  plasma cloud i n  t h e  
s o l a r  wind was crea ted  by t he  AMPTE/IRD.; s a t e l l i t e  on 12.27.1984. 
A second a r t i f i c i a l  comet was created on 7.18.1985. The l o c a l  
and g l o b a l  d i agnos t i c ,  compared t o  t h e  f i r s t  comet, was consider- 
ab ly  improved. 

An i n t e r n a l  l a te ra l  movement of  t h e  cloud due t o  l t r e c o i l  e f f e c t "  
of acce le ra t ed  i o n s ,  t h e  formation o f  a l a r g e  t a i l  and l a s t l y  t h e  
p e n e t r a t i o n  o f  t h e  magnetic f i e l d  without formation o f  anomalous 
r e s i s t a n c e  could be c l e a r l y  es tabl ished.  

Four evaporat ion experiments i n  t h e  t a i l  o f  t h e  magnetosphere were 
c a r r i e d  o u t  i n  t h e  per iod from March t o  A p r i l  1985. The d i agnos t i c  
measurements of t h e  IRM s a t e l l i t e  w i l l  be continued i n  1986, Some 
of 1Rk1s senso r s ,  t oge the r  w i t h  sensors  o f  o t h e r  space probes (e.g. 
ISEE and 3/ICE), make i t  poss ib le  t o  ca r ry  o u t  d e t a i l e d  s t u d i e s  o f  
i o n  and element compositions, d i r e c t i o n a l  d i s t r i b u t i o n  and t h e  
time v a r i a t i o n s  o f  e n e r g e t i c  ions and e l e c t r o n s  i n  t h e  energy range 
- > 5 KeV. 
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SOHO 51 

The - S o l a r  and Hel iospher ic  - - Observatory i s  part o f  t h e  solar- 
t e r r e s t i a l  physics  program. It i s  a corners tone  i n  ESA's long- 
term planning and, as t h e  name impl i e s ,  i s  t o  observe t h e  sun 
and i t s  neighborhood. 

The p r o j e c t ' s  s t u d y  phase was completed a t  t h e  end o f  1985 and 
i t s  launch i s  planned f o r  1993 a t o p  an ARIANE 4. 

It i s  hoped t h a t  t h e  mission will supply some answers t o  t h e  
fo l lowing  ques t ions  : 

- Why d o e s  the corona e x i s t ?  
- Where and how is t h e  solar wind a c c e l e r a t e d ?  
- How is  t h e  s u n ' s  i n s i d e  s t r u c t u r e d ?  

A s e t  o f  11 experiments has been assembled t o  s t u d y  t h e s e  ques t ions .  
They a r e  t o  i n v e s t i g a t e  the  s t a t i c  q u a n t i t i e s ,  t h e  dynamic proper- 
t i e s  of chromosphere and corona, t h e  s t u d y  o f  solar winds a t  t h e  
probe ' s  l o c a t i o n  and l a s t l y  they a r e  t o  measure t h e  sun ' s  l u m i n o u s  
power and t o  record v i b r a t i o n s  occur r ing  a t  t h e  s u n ' s  su r f ace .  It 
i s  hoped t h a t  such types of s t u d i e s  w i l l  provide - with the  a i d  o f  
helio-seismology - c lues  t o  t h e  sun ' s  i nne r  s t r u c t u r e .  

I n  o r d e r  t o  meet t h e  experimental  c r i t e r i a  t h e  s a t e l l i t e  m u s t  keep 
t h e  sun i n  view cont inuously and m u s t  s t a y  most o f  t h e  time under 
t h e  in f luence  of solar  w i E d s .  Such c r i t e r i a  could not  be met w i t h  
an e a r t h  o r b i t .  It is ,  t h e r e f o r e ,  planned t o  l e t  SOHO o r b i t  t h e  
L1 l i b e r a t i o n  po in t  of t h e  earth-sun system, i . e .  t h e  po in t  where 
g r a v i t a t i o n a l  fo rces  o f  sun and e a r t h  a r e  cance l led .  

This p o i n t  l i e s  on t h e  connecting l i n e  between e a r t h  and sun a t  52 
about 1.5 m i l l i o n  km d i s t ance  f rom e a r t h .  I n  o rde r  t o  g e t  t h e  
s a t e l l i t e  t o  i t s  d e s t i n a t i o n  it w i l l  f i r s t  be brought i n t o  an  
e a r t h  o r b i t  and w i l l  then proceed under i t s  own power. 

I SORO w i l l  have a mass o f  about 2.2 t ons  and i t s  energy requirements 
w i l l  be covered mainly by so lar  c e l l s .  The mission l eng th  i s  t o  be 
a t  l e a s t  two years  a l though i t  i s  hoped t o  expand it t o  s i x  years .  

.r 
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I t  has not  y e t  been es tab l i shed  which German i n s t i t u t e s  w i l l  
p a r t i c i p a t e  i n  t h i s  p r o j e c t ,  
a t  which time German i n s t i t u t e s  can apply i n  competit ion with 
o the r  European f a c i l i t i e s .  

ESA w i l l  make a f l i g h t  announcement 

CLUSTER 

Together with t h e  SOHO mission CLUSTER i s  another  f o c a l  p o i n t  of 
t h e  long-term ESA program o f  researching  t h e  sun-ear th  system. 

While SOHO i s  designed t o  explore t h e  sun and undisturbed solar  
winds, CLUSTER i s  t o  s t u d y  the  a r e a  near  e a r t h  where t h e  solar 
winds i n t e r a c t  with t h e  e a r t h  magnetosphere. 
p r o b l e m s  a r e  t o  be inves t iga ted :  

The fo l lowing  

- the  physics o f  t h e  boundary. l a y e r  between two cosmic 
plasmae and i n v e s t i g a t i o n  o f  processes  which make i t  
poss ib l e  t o  have a n  exchange o f  mass, impulse and 
energy through t h e  boundary l a y e r .  

- plasma a c c e l e r a t i o n  processes  f o r  f i e l d  r econf igu ra t ion .  
- tu rbulences  and d i f f u s i o n  processes.  
- shock i n v e s t i g a t i o n  and a s soc ia t ed  p a r t i c l e  a c c e l e r a t i o n  

- t h e  micro-s t ruc ture  o f  solar  winds, 
and wave formation. 

The s t r u c t u r e s  t o  be inves t iga t ed  undergo changes with time, I n  
order  t o  d i s t i n g u i s h  between space and time v a r i a t i o n s  CLUSTER i s  
made up of f o u r  i n d i v i d u a l  s a t e l l i t e s  which w i l l  c a r r y  o u t  i d e n t i c a l  
plasma s t u d i e s  f r o m  neighboring loca t ions .  

The o r b i t  has been designed i n  such a way t h a t  a l l  i n t e r e s t i n g  a r e a s  
can be v i s i t e d .  This will be achieved by an e x c e n t r i c a l  po la r  o r b i t  
whose remotest  e a r t h  po in t  l i e s  i n  t h e  e q u a t o r i a l  plane. Distances 
between t h e  s a t e l l i t e s  w i l l  be between 200 km and 3000 km depending 
on t h e  f l i g h t  phase, 

5 3  
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CLUSTER went through development phase A a t  t h e  end of  1985 and 54 
launch i s  planned f o r  1993 toge the r  with SOHC. 
been e s t a b l i s h e d  which German institutes w i l l  p a r t i c i p a t e  . It has no t  y e t  

Comet probe G I O T T O  

Comets a r e  l a r g e  f ld i : r ty f l  snowballs o f  some k i lometers  i n  diameter 
and mainly made up o f  f rozen  water and carbon compounds mixed with 
d u s t .  Our presen t  knowledge o f  comets i s  based on earth-bound 
observa t ions  o f  comet pa ths ,  path d i s tu rbances ,  measurements o f  
comet d u s t  and pho to lys i s  fragments. 

An i n t e r n a t i o n a l  armada of  six space probes has  f o r  t h e  f i r s t  time 
i n v e s t i g a t e d  comets a t  c l o s e  range. The t a r g e t  was t h e  comet H a l l e y  
named a f t e r  t h e  B r i t i s h  astronomer Edmund Hal ley who was t h e  f i r s t  
t o  desc r ibe  i t s  path. 

Comet Halley has  a period o f  about 76 years .  It was observed a t  
t h e  end of  May 1911 on i t s  way around t h e  sun. It  reached i t s  
aphel  i n  1948 ou t s ide  t h e  Neptun o r b i t  and was rediscovered i n  
October 1982 more than  1.6 b i l l i o n  k i lometers  away on i t s  r e t u r n  
journey. The subsequent p e r i h e l  was crossed on February 9 ,  1986. 
This i s  t h e  29th p e r i h e l  s ince  t h e  f i r s t  record ing  was made i n  
240 BC by Chinese astronomers. 

Five space probes took p a r t  i n  t h e  i n t e r n a t i o n a l  race .  A l l  reached 
t h e i r  goa l  i n  March 1986: 

VEGA-1 and VEGA-2 of t h e  USSR, launched i n  December 1984, passed 
t h e  comet's core  a t  a predetermined d i s t a n c e  o f  10,000 and 3,000 km. 
The Japanese PIS-T5 and PLANET-A, launched i n  January and August 1985, 
passed a t  a 10 m i l l i o n  and 100,000 km d i s t ance .  ESA's complex space 56 
probe G I O T T O ,  launched i n  July 1985, came c l o s e  t o  a 1,000 km, a 
d i s t a n c e  n o t  without danger. 
mented by t h e  l a r g e s t  ever  as t ronomical  observa t ion  campaign, coor- 
d ina ted  by t h e  {IRW ( I n t e r n a t i o n a l  Hal ley Watch) and supported by a 
s p e c i a l l y  formed group, t h e  IACG (Inter-Agency Consu l t a t ive  Group). 

These i n - s i t u  measurements a r e  supple- 

c 
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The Russian Academy o f  Sciences made a v a i l a b l e  data previous ly  
c o l l e c t e d  by t h e  VEGA probes providing exac t  comet core  p o s i t i o n s  
t o  ESA. T h i s  so-cal led "pa thf inder  concept1' permit ted a very 
accu ra t e  maneuvering of  t h e  G I O T T O  probe t o  w i t h i n  600 km o f  
comet Halley . 
The ESA cornet probe has  been named GIOTTO i n  honor o f  t h e  F l o r e n t i n e  
p a i n t e r  G i o t t o  d i  Bondone who i n  1301 showed t h e  comet i n  h i s  
p a i n t i n g  !'The Adoration o f  t h e  Three Wise Ment1. 

On March 13, 1986 - t h a t  i s  four t o  f i v e  weeks a f t e r  t he  comet's 
p e r i h e l  - G I O T T O  has  t e n  s c i e n t i f i c  experiments on board which 
ESA has  very c a r e f u l l y  se l ec t ed  from a l a r g e  number o f  experiment, 
proposals .  German experimenters p a r t i c i p a t e  ex tens ive ly  i n  each 
experiment. 

For f o u r  experiments German s c i e n t i s t s  c a r r y  t h e  main r e s p o n s i b i l i t y  57 
as t h e  so-ca l led  P r i n c i p l e  Inves t iga to r s .  Other German p h y s i c i s t s  
a r e  involved as co- inves t iga tors  i n  t h e  s i x  o t h e r  experiments. T h i s ;  
p r o p o r t i o n a l  German p a r t i c i p a t i o n  i n  t h e  Giotto's s c i e n t i f i c  payload 
- a y a r d s t i c k  f o r  t h e  h igh  s c i e n t i f i c - t e c h n i c a 1 : l e v e l  o f  e x t r a -  
terrestrial research  i n  t h e  FRG - c a r r i e s ,  o f  course,  a pr ice- tag .  

The necessary f i n a n c i a l  means f o r  t h e s e  p r o j e c t s  ( i nc lud ing  t h e  
s c i e n t i f i c  da t a  eva lua t ion)  amounted t o  more than  43,000,000 DM 
between 1981 and 1987. The design and c o n s t r u c t i o n  o f  t h e  probe 
and t h e  launching and opera t ion  w i l l  be financed by ESA's program 
i n  which t h e  FRG p a r t i c i p a t e s  with a b o u t  25%. The ENFT made t h e s e  
means a v a i l a b l e  wi th in  t h e  framework o f  bas i c  extraterrestrial 
research .  The p r o j e c t  i s  under t h e  ausp ices  o f  t h e  German Research 
I n s t i t u t e  f o r  A i r  and Space Travel (DFVLR) i n  Cologne-Porz. 

The s c i e n t i f i c  goa l s  o f  t h e  ten experiments a r e  as follows: 

It i s  t o  be s tud ied  whether comets form a pre-so lar  f o g  i n  t h e  core  
which i s  then oarried t o  t h e  edge of t h e  s o l a r  system and which 
l a t e r  through star disturbances a r e  r e d i r e c t e d  t o  t h e  i n n e r  core.  
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I t  i s  hoped t o  f i n d  some answers t o  t h e  cond i t ions  o f  t h e  p l ane ta ry  
system a t  t h e  time i t  was created by s tudying  t h e  exac t  composition 
o f  comet i c e  and the  na tu re  of d u s t  p a r t i c l e  s i z e  d i s t r i b u t i o n  
which c o n t r i b u t e s  considerably t o  r ep len i sh  i n t e r p l a n e t a r y  d u s t . '  

I n  c o n t r a s t  t o  p l ane t s  and moons t h e  c r e a t i o n  o f  comets was of a 58 
f a r  l e s s  v i o l e n t  na tu re  s o  t h a t  t h e  s o l a r  system's  o r i g i n a l  
m a t e r i a l  may have undergone l i t t l e  change and subsequent e ros ion  
and f r a c t i o n a t i n g  can be dismiLssed as i n s i g n i f i c a n t .  

EMC 

PIA 

NMS 

MAG 

IMS 

EPA 

I 
JPA 

I RPA 

I .  - 

Multi-color camera w i t h  f o u r  d i f f e r e n t  co lo r  f i l t e r s  
t o  take  up t o  3,600 photos o f  t he  comet's core  which 
permit the d e t a i l s  of ob jec t s  o f  a b o u t  30 m t o  be seen. 
( P r i n c i p a l  I n v e s t i g a t o r  i s  D r .  H.U. K e l l e r  of  t h e  Nax- 
Planck I n s t i t u t e  f o r  Aero nomie i n  Katlenburg-Lindau, 
Harz). 

D u s t  impact mass spectrometer t o  record impacting d u s t  
p a r t i c l e s  ( P r i n c i p a l  I n v e s t i g a t o r  i s  D r .  J. K i s s e l  o f  
t h e  Max Planck I n s t i t u t e  for Nuclear Physics i n  Heidelberg).  

Mass spectrometer t o  s t u d y  n e u t r a l  gases and ions  ( P r i n c i p a l  
I n v e s t i g a t o r  i s  D r .  D. Krankowsky o f  t h e  Max-Planck- 
I n s t i t u t e  f o r  Nuclear Physics  i n  Heidelberg) .  

Nagnetometer t o  s t u d y  magnetic f i e l d s  with a two-axial  
magnetometer ( P r i n c i p a l  I n v e s t i g a t o r  i s  D r .  F.M. Neubauer 
o f  Cologne Un ive r s i ty ) .  

Ion mass spectrometer  t o  determine t h e  chemical composition 
o f  ions  evaporated f r o m  Ha l l ey ' s  comet (Co-Invest igator  i s  
D r .  R. Schwenn). 

Detector f o r  energy-rich p a r t i c l e s  (Co-Invest igator  i s  
D r .  E. Ki rsch) .  

Plasma ana lysa to r  1 (Co-Investigator is Dr.  B.Wilken). 

Plasma a n a l y s a t o r  2 (Co-Investigator i s  D r .  A .  Korth). 
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D I D  - D u s t  impact d e t e c t o r  system (Co-Invest igators  are 
D r .  E. Gruen and Prof .  Dr. E. Igenbergs) .  

OPE - Opt ica l  probe (Co-Investigator i s  Prof .  Dr. R. Giese).  

Ulysses,  ISPM, OOE 

A l l  p r e sen t  genera t ion  space probes have o r b i t s  w i th in  t h e  e c l i p t i c  
o r ,  a t  t h e  most, a f e w  degrees i n c l i n e d  t o w a r d s  i t  due t o  energy 
reasons.  They can, t h e r e f o r e ,  only g ive  a lltwo-dimensional 
p i c t u r e t t  of t h e  composition and p r o p e r t i e s  o f  i n t e r p l a n e t a r y  space. 

The "out o f  e c l i p t i c "  mission begun toge the r  by NASA and ESA a t  t h e  
end of 1977 included p lans  f o r  two space probes t o  leave  the  e c l i p t i c  
and t o  ca r ry  out  i n  s i t u  measurements high over t h e  s o l a r  po les  f o r  
p roper ty  s t u d i e s  o f  solar  v i c i n i t i e s .  It was hoped they  wou ld  pro- 
duce d e t a i l e d  information about p a r t i c l e s ,  r a d i a t i o n  and f i e l d s  a t  
high he l iog raph ic  l a t i t u d e s  a lmost  s imultaneously over both poles.  

Such o r b i t s  can be obtained through a swing-by o f  J u p i t e r ,  i . e . ,  
t h e  probes are s e n t  t o  J u p i t e r  s o  t h a t  i t s  g r a v i t y  f i e l d  deforms 
t h e  o r b i t s  i n  such a way as t o  f l i n g  them out  o f  t h e  e c l i p t i c .  

F i n a n c i a l  problems l e d  t o  a budget c u t  o f  t h e  NASA'grobe i n  1981 
l e a v i n g  t h e  ISPPI ( I n t e r n a t i o n a l  S o l a r  Po la r  Kiss ion)  only one probe 
under t h e  d i r e c t i o n  o f  ESA. This probe has t e n  experiments on 
board, s i x  of which inc lude  a German p a r t i c i p a t i o n  with t h r e e  
German P r i n c i p a l  I n v e s t i g a t o r s  (FI) r e spons ib l e  f o r  t h r e e  experiments. 

- The Cosmic Dust Experiment of t h e  Max-Planck-Institute f o r  Nuclear 
Physics  (MPL), Heidelberg (PI:  E. Gruen) measures t h r e e  dimension- 
a l  d u s t  d i s t r i b u t i o n  and i t s  dynamic behavior f o r  d u s t  masses 
between and g. An entry g r i d  system wach with a n  
e l e c t r o n  and i o n  c o l l e c t o r  permits t h e  measurement of mass, 
v e l o c i t y ,  impact d i r e c t i o n  and e l e c t r i c a l  charge o f  t h e  i n d i v i d u a l  
d u s t  particles. 

c 
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- The LOW-ENERGY-ION Experiment o f  t h e  MPR, Heidelberg (PI:  
E. Keppler),  c o n s i s t s  o f  f o u r  independent s p e c i a l  t e lescopes .  
These te lescopes  measure t h e  composition of t h e  low-energy 
so l a r  and g a l a c t i c  r a d i a t i o n  i n  t h e  energy range from 50 KeV/n 
t o  1 MeV/n as wel l  as t h e i r  dynamic behavior. 

- The INTERSTELLAR GAS Experiment o f  t h e  MPAe, Lindau (PI:  
Rosenbauer) measures t h e  d i s t r i b u t i o n  and flow d i r e c t i o n  o f  
i n t e r - s t e l l a r  helium. 

- M. Sommer o f  t h e  Max Planck I n s t i t u t e  f o r  E x t r a t e r r e s t i a l  
Physics  (MPE), Garching, and K.C.  Hurley (Toulouse, I?) sha re  
t h e  management of t h e  EXRAY experiment which measures x-ray 
r a d i a t i o n  and gamma b u r s t s  and i f  p o s s i b l e  also t o  i d e n t i f y  
t h e i r  sources  with known heavenly bodies. 

- B. Wilken (MPAe, Lindau), i s  Co-Invest igator  (CoI) f o r  t h e  
SOLAR WIND I O N  COMPOSITION Experiment (SWICS) . This  experiment 
measures t h e  composition with r e spec t  t o  elements and charges 
and t h e  v e l o c i t i e s  o f  major i ons  o f  t h e  s o l a r  wind. 

- H. Kunow (Univers i ty  K i e l )  is t h e  CoI f o r  t he  COSXIC RAY AND 
CHARGED PARTICLE Experiment o f  Chicago Universi ty .  6 d i f f e r e n t  
s enso r s  measure e l e c t r o n s ,  protons and ions  i n  a wide energy 
range. 
o f  cosmic r a d i a t i o n  and t h e  dynamic range covers t h e  lower 
flows during s o l a r - i n a c t i v e  t imes as we l l  as t h e  h ighes t  
eruptions i n  t h e  J u p i t e r  area.  

62 

The r e s o l u t i o n  permits a s e p a r a t i o n  of heavy elements 

Apart from t h e  probe 's  a c t i v e  experiments t h e r e  w i l l  also be a 
pass ive  experiment. A working group headed by t h e  German P.I. 
Volland, Bonn Univers i ty ,  i s  t o  s tudy  t h e  c h a r a c t e r i s t i c  m o d i f i -  
c a t i o n s  of t h e  te lemet ry  s i g n a l  a long  t h e  probe ' s  s i g h t - l i n e  
with r e s p e c t  t o  charges and f i e l d s .  

Due t o  t h e  Challenger d i s a s t e r  t h e  planned launch f o r  May 1986 
has  been postponed. It i s  s ince re ly  hoped t h a t  t h e  next  star 
window (June 1987) can be used t o  d i spa tch  the  probe. 
from delays caused by t h e  s h u t t l e ' s  sa fe ty  problems t h e  ques t ion  

Apart 
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ar i ses  as t o  whether t h e  plutonium thermo-e lec t r ic  nuc lear  
genera tor  - necessary f o r  t h e  probe's e l e c t r i c  energy supply - 
w i l l  r e ce ive  a launch permit i n  F lo r ida .  

I n  t h e  meantime t h e  probe has  beerrenamed once again.  
c u r r e n t  name i s  f f U l y s s e s f t  based on Dante 's  hero i n  t h e  Heavenly 
Comedy where U l y s s e s  s e t s  off t o  explore  t h e  empty w o r l d  beyond 
t h e  sun. 

Its 

64 GALILEO 

The GALILEO mission i s  p a r t  o f  NASA's program t o  explore  t h e  p l ane ta ry  
s y s t e m  i n  o rde r  t o  ga in  i n s i g h t s  i n  t h e  o r i g i n  and development o f  
t h e  s o l a r  system and t h e  c rea t ion  of l i f e  on t h e  p l a n e t s ,  

The J u p i t e r  mission i s  t o  i n v e s t i g a t e ,  by means o f  a n  o r b i t e r  
c i r c l i n g  t h e  l a r g e s t  p l ane t  o f  t h e  s o l a r  system, t h e  t a rge ted  p l a n e t  
and i t s  (Galilean) moons, by sending a probe i n t o  t h e i r  atmosphere 
t o  s tudy  i t s  composition and p r o f i l e .  

The miss ion ' s  major  goa ls  a r e  t o  s tudy  
- t h e  chemical composition and phys ica l  condi t ion  o f  

- t h e  chemical composition and phys ica l  cond i t ion  of t h e  

- t h e  s t r u c t u r e  and phys ica l  dynamics o f  J u p i t e r ' s  magneto- 

J u p i t e r ' s  atmosphere 

Gal i lean  moons 

sphere. 

The Fede ra l  Republic o f  Germany (FRG) has  a Memorandum o f  Understand- 
i n g  between t h e  BKFT and NASA and p a r t i p i c a t e s  i n  t h e  G A L I L E O  
p r o j e c t  as fol lows:  

- two experiments (German PIS)  a b o a r d  o r b i t e r  and probe 
- p a r t i c i p a t i o n  as Co-Investigators (CO-I) i n  f o u r  experi-  

- attaching one German s c i e n t i s t  f o r  t h e  imaging p r o j e c t  
ments under t h e  d i r e c t i o n  o f  a US P I  



- supplying one d r ive  s y s t e m  (Retro Propuls ion System) 
f o r  t h e  p o s i t i o n  con t ro l  of t h e  space veh ic l e ,  f o r  o r b i t  
c o r r e c t i o n  maneuvers and f o r  guiding t h e  veh ic l e  on a 
path around J u p i t e r  ( J u p i t e r  Orb i t  I n s e r t i o n )  

phase t o  J u p i t e r  and support  dur ing  t h e  o r b i t  phase. 
- a s s i s t i n g  i n  mission opera t ion  dur ing  the  t r a n s f e r  65 

D e t a i l s  of t h e  all-German and p a r t i c i p a t i o n  p r o j e c t s  a r e  as fo l lows:  

- H e l i u m  Interferometer/Helium Abundance 
PI:  U.von Zah, Bonn Univers i ty  

- Lightning (and Radio Emission 
C o I :  K .  Rinner t ,  MPAe Lindau 

- Energe t ic  P a r t i c l e  Experiment 
CoI: H. F i sche r ,  K i e l  Univers i ty  

- Dust Detector  
PI :  E. Gruen, MPIK Heidelberg 

- Imaging 
Team Member G. Neukum, DFVLR Oberpfaffenhofen 

- Probe 

- Probe 

- Probe 

- O r b i t e r  

- Orb i t e r  

- Magnetospheric energe t ic  p a r t i c l e  instrument  - O r b i t e r  
CoI:  B. Wilken, MPAe L i n d a u  

- Plasma I n v e s t i g a t i o n  
CoI: V.M. Vasyliunas, MPke Lindau 

- O r b i t e r  

The Retro Propuls ion Module (RPM) i s  a gas p res su re  system with 66 
two types  o f  f u e l .  The medium-energy f u e l  combination i s  rnonomethyl- 
hydrazine (NMH) and di-ni t rogen t e t r o x i d e  ( N  0 ) with an  increased  
n i t rogen  monoxide por t ion .  The pressur ized  gas supply s y s t e m  and 
t h e  f u e l  shut-off system s u p p l y  twelve IO N propuls ion modules f o r  
p o s i t i o n  and small o r b i t  co r rec t ion  maneuvers as we l l  as t h e  400 N 
module f o r  l a r g e  o r b i t a l  co r rec t ions  from f o u r  s p h e r i c a l  t anks  
arranged i n  a symmetrical fashion. The f u e l  mass i s  about 950 kg 
which provides an a c c e l e r a t i o n  A V, of a t o t a l  o f  1,150 m/sec. 

2 4  
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5) 10 N propulsion modules 

6) thermal control (thermal 
(2) in cluster 

mats, electric heating, 
boom and cluster) 

7) 400 1J propulsion module 
8) pressurized gas supply 

system 



The space s h u t t l e  w i l l  be u s e d  f o r  t h e  launching which inc ludes  
t h e  high-energy Centaur s t a g e  f o r  i n j e c t i o n  i n t o  t h e  i n t e r p l a n e t a r y  
o r b i t .  The o r i g i n a l  launch date  was May 20 ,  1986. Following t h e  
Challenger l o s s  i t  i s  now planned t o  r ep lace  t h e  d i r e c t  t r a n s f e r  - 
with a r epea t ing  s ta r  window every 13 months - with an i n d i r e c t  
o r b i t  which inc ludes  a second e a r t h  swing-by i n  order  t o  achieve 
/IVEGA (Veloci ty  Ea r th  Gravity A s s i s t ) .  Launch i s  planned f o r  
t h e  beginning o f  December 1987 and a r r i v a l  a t  the t a r g e t  p l ane t  
J u p i t e r  i s  t o  b e  J u l y  1992. 

- C R a F  68 

In  September 1992 NASA plans  t o  shut t le - launch  t h e  space vehic le  
CMF (Comet Rendezvous and Asteroid Flyby Niss ion)  . 
Centaur G s t a g e  i s  t o  send t h e  Mariner Mark I1 probe i n t o  t h e  
o r b i t  o f  t h e  short-per iod comet Tempel 2. 

An a d d i t i o n a l  

It i s  t h e  i n t e n t i o n  o f  BIQT t o  p a r t i c i p a t e  i n  t h i s  mission - as 
with t h e  G A L I L E O  p r o j e c t  - with s c i e n t i f i c  experiments and 
supplying a propuls ion sys t em developed i n  Germany. 

by 

Apart from p o s i t i o n  c o n t r o l  the f u n c t i o n  of t h e  propuls ion system 
is  t o  br ing  about a c lose  proximity between vehic le  and comet and 
t o  maintain i t  f o r  s e v e r a l  years.  The Rendezvous between CRAF and 
Tempel 2 w i l l  t ake  p lace  i n  November 1996 and can be maintained up 
t o  t h e  next  solar po in t  (comet t a i l  formation)  due t o  t h e  s a t e l l i t e ' s  
favorable  o r b i t a l  tilt. 

P r i o r  t o  t h e  comet rendezvous t h e  probe w i l l  pass t h e  a s t e r o i d s  
Kalant ra  (1993) and Hes t i a  (1995) a t  d i s t a n c e s  o f  a b o u t  1000 km. 

Comets and as te ro ids  a r e  t h e  e a r l i e s t  bodies i n  our solar system. 
They may con ta in  information with r e s p e c t  t o  chemical and phys ica l  
processes  which played a r o l e  dur ing  t h e  formation of  our  s o l a r  
system. 
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The main o b j e c t  of t h e  CRAF mission i s  t h e  s t u d y  o f  atomic,  
molecular and minera logica l  composition o f  t h e  Tempe1 2 comet, 
i t s  changes during t h e i r  common f l i g h t  time as we l l  as observing 
t h e  formation and development o f  t h e  comet t a i l  (gas ,  d u s t ,  plasma, 
dynamics and i n t e r a c t i o n  with the  s o l a r  wind) when i t  i s  c l o s e  t o  
t h e  p e r i h e l  ( c l o s e s t  solar point) .  

While pass ing  t h e  a s t e r o i d s  the s a t e l l i t e  w i l l  i n v e s t i g a t e  t h e i r  69 
phys ica l  and geo log ica l  proper t ies .  

The space v e h i c l e , w i l l  b e  supplied with: mass spectrometers  ( f o r  
i o n s  and n e u t r a l  p a r t i c l e s ) ,  magnetometers, plasma wave a n a l y s a t o r ,  
plasma probes ( f o r  i ons  and e l e c t r o n s ) ,  d u s t  counters ,  a dus t  
p a r t i c l e  ana lysa to r ,  a spectrometer f o r  var ious wave l eng ths  and 
a camera. Most instruments  are accommodated a t  t h e  s a t e l l i t e ' s  
ou t r igge r s .  A pene t r a to r  w i l l  be anchored t o  t h e  comet and c a r r y  
o u t  i n  s i t u  measurements a t  the comet's core.  

The numerous path maneuvers 
f o r  t h e  probe 's  main propulsion u n i t ;  16 small propuls ion  m o d u l e s  
a r e  r e spons ib l e  f o r  minor cor rec t ions  and t r i - a x i a l  s t a b i l i z a t i o n .  

will r e q u i r e  more t han  4000 kg o f  f u e l  

The CRAF p r o j e c t  is scheduled t o  begin l a t e  f a l l  o f  1987. 




